Novel Eu 3+ -activated M 7 Sn(PO 4 ) 6 (where M = Sr, Ba) red-emitting phosphors were synthesized via conventional solid-state reaction method at 1200°C for 2 h. The luminescence properties of the prepared samples and quenching concentration of Sr 7-x Sn(PO 4 ) 6 :xEu 3+ and Ba 7-x Sn(PO 4 ) 6 :xEu 3+ were investigated. These phosphors can be efficiently excited by UV (395 nm) and visible blue (465 nm) light nicely matching the output wavelengths of the near-UV LEDs and InGaN blue LED chips and emit the red light. The critical concentrations of the Eu 3+ activator were found to be 0.175 mol and 0.21 mol per formula unit for Sr 7-x Sn(PO 4 ) 6 :xEu 3+ and Ba 7-x Sn(PO 4 ) 6 :xEu 3+ , respectively. The M 7-x Sn(PO 4 ) 6 :xEu 3+ (M = Sr, Ba) phosphor may be a good candidate for light-emitting diodes application.
I. Introduction
Solid state lighting based on InGaN light-emitting diodes (LED) shows significant potential for replacing conventional lighting sources, such as incandescent and fluorescent lamps, because of their high luminous efficiency, energy-saving, long lifetime and environmental protection. In this field, there are three different methods that can be used to realize white light emitting: i) redgreen-blue (RGB) light emitting diode chips combined directly, ii) blue-LED chip combined with yellow (or green and red) wavelength conversion phosphor and iii) near-ultraviolet LED chip combined with RGB wavelength conversion phosphor [1] [2] [3] [4] [5] .
Inorganic phosphors typically consist of an inert host lattice that is doped with activator ions, usually transition (3d) or rare-earth (4f) metals. The host lattice is transparent for the incident radiation and the activator is excited to emit photons [6] . In recent years, extensive research has been carried out on rare-earth-doped phosphors because of several important superior properties, such as luminescent characteristics,stability in vacuum, and corrosion-free gas emission under electron bombardment compared with traditional cathode ray tube used in current field emission displays [7, 8] . Trivalent Eu ion, as one of the promising species that provide optical emission in red colour regions, has been doped in various compounds [9] [10] [11] . However, to the best of our knowledge, there is no report on the research of M 7 Sn(PO 4 ) 6 (M = Sr, Ba) phosphor activated by rare earth or transition metal.
In phosphors. Excitation and emission spectra were measured at room temperature by using Hitachi F-4500 spectrofluorometer equipped with a 60 W Xenon lamp as excitation source. Figure 1 shows the typical XRD patterns of the M 7-x Sn(PO 4 ) 6 with smaller ionic radius (0.113 nm) and ii) vacancy in structure introduced by unequal valence substitution according to equation (2) . In addition, the XRD patterns also indicate that Eu 3+ does not significantly influence the structure of the host, and the single-phased phosphors can be obtained successfully in our experimental conditions. phosphor contain two weak shoulder bands at about 553 nm and 565 nm, which is consistent with results of the excitation spectrum of the host Sr 7 Sn(PO 4 ) 6 .
III. Results and discussion
As it can be seen from Fig. 4b, similar 6 . Definitely, the weak shoulder excitation bands below 560 nm originate from the host lattice excitation as it can be concluded from the comparison to the excitation spectrum of the host Ba 7 Sn(PO 4 ) 6 . The emission intensity corresponding to the 465 nm excitation is slightly lower than that of 395 nm because of the relatively lower absorption at this wavelength (Fig. 4) . The appearance of the host lattice excitation bands in the excitation spectra of phosphors indicates that there exists efficient energy transfer from the host lattice of M 7 Sn(PO 4 ) 6 (M = Sr, Ba) to Eu 3+ ions.
It is well known that the efficient Eu 3+ -activated phosphors mainly depend on the absorption of the host and energy transfer efficiency [14] . It can be concluded from these results that PO 3 -4 plays an important role in this novel phosphor. It absorbs the energy and then transfers it to Eu 3+ , which increases the excited energy of Eu 3+ and enhances the emission efficiency. Accordingly, the novel phosphor could be regarded as an efficient luminescent material.
The change of emission intensity and wavelength for the samples M 7 Sn(PO 4 ) 6 concentration taken as the critical concentration. Generally, energy migration processes increase the probability that the optical excitation is trapping at defects or impurity sites, enhancing non-radiative relaxation. As the excitation energy migrates among a large number of centres before being emitted, the excitation energy may transfer between the close Eu ions decreases. This favours the energy transfer, and the critical concentration corresponds to the sufficient reduction in the average distance. Further reduction leads to cross relaxation namely above mentioned non-radiative relaxation, which causes concentration quenching. On the other hand, a decrease in the activator concentration decreases the energy stored by the ions. In the specific systems such as M 7 Sn(PO 4 ) 6 ), which causes increase in the critical concentration to achieve the best average distance of Eu 3+ ions in two extremely similar cubic crystal structures; ii) the stronger interaction between activation centres with the host structure in Ba 7-x Sn(PO 4 ) 6 :xEu 3+ weakens the energy migration and the cross relaxation between the activation centres.
IV. Conclusions
The novel red phosphors M 7-x Sn(PO 4 ) 6 : xEu 3+ (where M = Sr, Ba and x = 0, 0.035, 0.07, 0.105, 0.14, 0.175, 0.21, 0.245) were synthesized by the conventional solid-state reaction at 1200°C for 2 h. The quenching concentration in the Ba 7 Sn(PO 4 ) 6 is (0.21 mol per formula unit) higher than in the Sr 7 Sn(PO 4 ) 6 (0.175 mol per formula unit) due to the relatively larger unit cell volume and crystal field effects of the Ba 7 Sn(PO 4 ) 6 . It is also discovered that PO 3+ 4 absorbs the energy and then transfers it to Eu 3+ , which increases the excited energy of Eu 3+ and enhances the emission efficiency. These phosphors can be efficiently excited by UV (395 nm) and visible blue (465 nm) light nicely matching the output wavelengths of the near-UV LEDs and InGaN blue LED chips and emits the red light. The M 7-x Sn(PO 4 ) 6 :xEu 3+ (M = Sr, Ba) phosphor may be a good candidate for light-emitting diodes application.
